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(Itiluctose 4 -Sulphate. 

■ l!y J. K. Thuvkv ;iml T. 1'. Williams. 


I'urt IV. 1 


u-Halaitoso -l-{si xlitmi sulphate) lias liccn synthesiscd by two definitive 
rimlrs. Its pro|>erlics arc compared with those' of D-gahictosc G-(sodium 
sulphate). ... * 

It lias long Ihvii recognised that various polysaccharides of red alga; contain residues 
of i>-galactosc. many of which bear sulphuric acid ester groupings. 1 Evidence from 
iiii'thylation ami treatment with alkali suggests that some of these sulphate groups are 
situated at position 4 of the galactose units* Despite this evidence, galactose 4-sulphate 
has neither been isolated from hydrolysis -products of these polysaccharides nor been 
synl hesiseil by chemical means. Wo now report definitive syntheses of this sugar sulphate 
and some of its properties. — 

Two similar routes were followed, both somewhat analogous to that used in 
the synthesis of 4-0-niethanesulphonvlgalactose. 4 In the first route, methyl 4,6-0- 
heii/.ylideiie-;4-l)-galactop\ rano.side was benzvlatcd, to give the :2,3-di-0-benzyl derivative. 
After removal ol the licnzyHdcnc group (acid-acetone), and subsequent triphenylmethyl- 
atiun. the resulting l-Vl-di-O-bciizyl-O-fMriphtnylmethylgalactoside was sulphated at 
position 4 by use of pyricline-sulphur trioxide. This reaction required longer trea tment 
with the siilnhatim.' reagent than is usual, 5 p resumably owing to the axial orientation of 

r , J.'. l !.i(".'. , , vt ! r '. , ?y' K!'" 11 !' when the sugar derivative is in the favoured chair conformation. 

^^^'•^•^•^^^'Vf.'S^iSS fe. nz y' am * triphenytoethyl) by catalytic -hvdro^enatioR -"..^-'! 
itst»*'|)"roved"difficiilt. *' 


'iived the. protecting groups ami add-hydrolyaspHfi«rpro^'^.'ga)« i _ 

' i ..ji l f x ^' u, '« ~?i Kalac'tbse. ahd galact'osc 4 L suIphate. ' The latter \vas isolated as the sodium salt 
in low yield by chromatography on thick filter paper. """ ~~~ 

A somewhat better yield was ohtained by the alternative route, which followed the 
same steps as in the first method but in which benzyl fi-D-galactopyranoside replaced the 
methyl galactosiile. In this case, several hydrogenations (at 5 atm.) of the sulphated 
derivative gave a mixture from which the 4-sulphate was isolated. The two 4-sulphate 
preparations had similar optical rotations and were indistinguishable by chromatography 
in- electrophoresis. Some properties of the synthetic sugar sulphate are listed in the 
Table and compared with those of galactose ti-sulphate. . 


lVopcrtics of galactose 4- and B-(sodium sulphate). 

Rg in solvents • 

Wi. («) (6) M «ot - 

0-27 0-28 2-09 1 04 
+ 47° 0-13 0-15 1-07 1-32 

I. I>y vol.); (t) ethyl acetate-acetic acid-water (6:3: 2, Ofr 
vol.) containing 3% (iv/v) of cetylpyridinium 


Sugar sulphate 

l^tlavtitse 4-(sodiuui sulphate) 

Oalacttiso 1i-[sodium sulphate) 

• (<0 Uat.in-l-ol ethanul -water (; 
vol.): (1) luilaii-l-ul-ethaiml-water (3:1:1. 
thU'ridc. f In (l-lM-lntratc bul'ter 1|>H 10-H). 


: I : 


• S8-4\ +50-7° 


l>v 


The evidence on which the sulphate group is assigned to the 4-position, apart from the 
stop-wise method of synthesis, is as follows, (i) The elcctrophoretic mobility, M a (1-04), 
in borate buffer is less than that of galactose G-, glucose (J-, or glucose 3-sulphate which 
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i :tJ, I -ili, :iml 1-27. ios|«:ctivcly. Substitucnts on the 4,-positton 
■lust: arc known to decrease (lie clcctruplioretie inuliilitics in borate 
buffer. 0 (ii) The infrared spectrum of each specimen showed an absorption peak at 
S'iO cm.-' and no peak in the region Sill— SH) cm.' 1 In the latter region, peaks are shown 
by galactose l>- anil glucose :t-sulphatc. Tho occurrence of a peak at 850 cm." 1 in the 
spt-ctra of various galaclan sulphates has been ascribed to the presence of an axially 
oriented 4-sulphate group in tho galactose residues. 7 (iii) On periodate oxidation in 
unbuffered solution, the sulphate rapidly consumed 2 mol. of periodate. liberating 1 mol. 
of formic acid. Thereafter it underwent slow further-oxidation until more than 5 mol. of 
periodate had been consumed. This behaviour is expected of a 4-O-substituted aldo- 
pyranosc, which would be oxidised rapidly to a 2-O-siibstitutcd 3-0-formyltctrosc, further 
oxidation then being dependent on the slow hydrolysis of the formyl ester. 

Experimental 

General Methods. — The genera! procedures for sulphation of sugar derivatives and paper 
chromatography of sugar sulphates have been dcscrilicd. 4 Preparative paper chromatography 
of sugar sulphates was carried out mi Whatman 3MM paper with the freshly prepared solvent 
clhvl acetate-acetic acid-water (I! : 3 : 2. by vol.). Guide strips were sprayed with £-anisidine 
hydrochloride reagent." W ith this reagent, galactose 4-suIphate gives a yellow spot, which 
fluoresces strongly in ultraviolet light, whereas galactose G-sulphate gives a brown, weakly 
fluorescent spot. Paper electrophoresis was carried out in 0 I.M-boratc buffer (pH 10 0) at a 
potential gradient of -111 v per cm. for 1 lir. All solutions were evaporated under diminished 
pressure. 

Galncl.tif 4-(W<'iiiji Sulphite) [First Route). — Methyl 2,:Udi-0-bemyl-4.G-0-beii:ylideiie-^-D- 
galactvpyrnuoside. .Methyl 4.iM>-bcn/.ylidcne-3-n-galactopyranoside (45 g.; m. p. 201 — 202°, 
fs] — :i(i-S'; lit..' in. p. 21)0', [i. D —351") was treated with potassium hydroxide (40 g.) and 
bcnzvl chloride (tali ml.) according to the method of Dennison and McGilvray, 10 to give the 
U-Ji-O-bcnzyl deriratire (90%). m. p. 133—131". [at]„ M 4-4B-2* (c 0-3 inCHCl,) (round: C. 72-6; 
II. ii-35. f^K^O, requires C. 72-7; II, «-55%). 

itethvl ■>;.\-di-l>-lnu-vt- , ;.-i>-&tLi(:U'pyrumjiiJc. Keinoval of the benzylielcno grouping was 
attempted by healing the preceding product (liO g.) under rcllux with 1 2N-hydrochIoric acid 
(2« ml.) in acetone ('.inn inf.) and water (100 ml.) (or 3 hr. After the mixture had 
been neutralised and evaporated to dryness, the product was dissolved in cthauol but some 
starting material crystallised. The cthauol solution was therefore evaporated to dryness and 
then relluxed for 2 fir. in a mixture of 0-2~>x-hvdrochloric acid (100 ml.) and acetone (700 ml.). 
Neutralisation and evaporation gave the dibenzyl ether which was crystallised from ether-light 
petroleum (b. p. 40- -Ml') to give an almost theoretical yield of fine needles, m. p. 71 — 71-5°, 
[,- B »_ l-.j' , (,:(i-3iiil"IK"lj) (Found: C. 07-0: II. li-75. C =l H !t O t requires C. 07-4; H, 7-0%). 

Mrthvl i;.Uli-O.U-u^\l-(>-0-lriphciiylmelhyl-'fi-\>-salaclopyra>wside. The dibenzyl ether (20 g.) 
in pvridinc (350 ml.) was heated at fuO" for Si hr. with triphenylmcthyl chloride (15 g.). The 
mixiiirc was then cooled to II" and |vuircd into iced water (I 1.) containing an excess of sodium 
hvdrogen carliunalc. The syrup which separated solidified in 5 min. and was then extracted 
with chloroform. The extract, dried and evaporated to dryness, was freed from triphcnyl- 
methauol by lieing dissolved in hot cthauol to which water was added to a faint turbidity. 
On cooling, the triphenvlmethyl ether separated and was recrystalliscd from ether-light petroleum 
(l>. p. 40— 00-). giving needles (IS%). m. p. 103 -104°. [a> D =° -13-2° (c 0-4 in CHC1J (Found: 
C, 77-5; 11,0-7. (', n ll|„l'« requires C. 77-!i; 1 1. ti-fi.V;,',). 

Salpkatii'U. The Iriphenyhiicthyl ether (4-;"> g.) was treated 1 with pyridinc-sulphur tri- 
oxiile at 0;V for 21 hr. and. after being cooled, the mixture was stirred for 2 hr. in 50% aqueous 
cthanol. The solution was then adjusted to pi I 9 with s-ituratcd aqueous barium hydroxide, 
and the precipitate removed on the centrifuge. The supernatant solution was distilled to 
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remove cthanol and pyridine, water living added ti) maintain the volume. Hie crude product, 
which had sciKirau-d. was washed with water and dissolved in ether, and the solution was dried 
and concentrated to a syrup. This was precipitated from ether (500 ml.) by addition of light 
lietiiileuiii (1>. p. -HI dl' : OHO ml.), noii-sulphatcd material remaining in solution. The white, 
amorphous product, methyl ^-di-O-benzrl-li-O-triphcnylmethyt-^-n-galactopyraiMside 4-(barium 
snlph.it,:) (I-!) g.) had H„" H- 151° (c IKl'in CUCy [hound: 15a, 8-8; S. 41. (C, 0 H„O,S), Ba 
requires Ba, D O; S. 4-2';i]. I lydrogcnalion of the barium salt was attempted with Raney 
nickel (at 20" and at platinum oxide, and palladium-charcoal, but only the last-named 

effected appreciable reduction. The barium salt (2 g.) w as therefore hydrogenated at 1 atm. 
in 80% cthanol (7. r . ml.) over 5% palladium-charcoal 11 (2 g.) for 10 hr. The catalyst was 
removed and was washed with 80% cthanol. and the combined filtrate and washings were 
evaporated to dryness. The hydrogenation was then repeated with fresh catalyst (2 g.). The 
product was extracted with water, andjhc extracted material (880 mg.) examined by paper 
chromatography. 'Hie main product was'still only partly hydrogenated but traces of a 
galactoside sulphate were also present. The mixture (310 ju^ .) was treated with the ion- 
exchangcr Zco-Karb 225 (Xa + form), and the resulting sodium salt was heated in O-lN-sulphuric 
acid for 1 hr. at 100'. Neutralisation with barium hydroxide, removal of insoluble salts on the 
centrifuge, and evaporation gave a product (270 ing.) containing galactose, galactose mono- 
sulphate, and methyl p-galactosidc. The galactose 4-(sodium sulphate) (sample 1) was separated 
by chromatography on thick paper. The yield was 52 mg.. and (tOo" +58-4° (c 0-9 in H.O) 
(Found: S. 11".. C s II„N'a0 4 S requires S. 11-4%). "The sulphate was readily distinguished 
from galactose Ii-(s..dium sulphate! by its By value; in the solvent systems named in the Tabic 
Tor (r) see Rees '=]. as well as by its S/ a value in borate buffer (see Table). 

Gahelusc 4-{Smlium Sulphate) (Second Route). — Benzyl 4fi-O-bcHzyIidene-$-D-galact0- 
pyranositie. Benzvl 2-i>-galactopvranosidc. prepared from l-bromo-2,3,4.0-tctra-O-acetyI-x-u- 
galactose and benzyl alcohol by l'ischcr and llclferich's method." had m. p. 99 — 100°, [*]„" 
"--27-2° (lit.," m. p. IUU — 101". [i!„ —23 05°). The galactoside (50 g.) was shaken with zinc 
chloride and bcnzaldchyde. and the product isolated by Klemer's method." Benzyl 4.0-O- 
tn iizyliJ.-iie-^-xt-HiiluclusiiU- crystalliscd.from acetone as needles (60 g.). m. p. 209—210°. [<z] D M 
...ii2-4*(e0-7inCTlCIJ(l-uund: C. 07 0; 11.01. Cs^I-jO, requires C, G7-0; H. 0-2%). 

. Benzyl i.:unO-ben:yl-4fi-0-beuzylideiie-'fi-o-i;atactopyranoside. The preceding product 
(fill g.) was stirred at 100 under anhydrous conditions with powdered potassium hydroxide 
(50 g.) and benzyl chloride (SO ml.). After 1 hr. the mixture solidified and more benzyl chloride 
(25 ml.) was therefore added. After tieing stirred for a further 2 hr. at 100°, the mixture was 
cooled and iced water (500 ml.) was stirred in. The solid was removed by fdtration and washed 
with water until no longer alkaline, then washed with light petroleum and dried. Rccrystatlis- 
aiiou from acetone gave needles of the i.Z-dibcu;yl ether (G8-9 g.), m. p. 109-5 — 170-5°. [a]„ ! » 
-2-3- (c US inCllflJ (hound: C. 7i!-li; II. 0-3. C,,H m O, requires C. 75-3; II. G-4%). 

Ileuzvl 'J.:\ili-()l»ii:yl-Z-ii-^iilactopyranusidr. The last-incntioncd dibcnzyl ether (50 g.) 
was hydiolvsed by He'll .nidI.orl.crs method." The product (39 g.). rccrystalliscd from 
acetone-light petroleum (b. p. 40—80"), had m. p. 110—117°. [o] u M -17-0° (c 0 0 in CHCIJ 
(round: l\ 72-3: II. 0 5. C.,II M O a requires C, 72 0; H. C-7%). 

Benzvl 2/JJi-O-benzyl-ii-Q-triplu'uylmrthyl-p-i>-!;alact0pyranosidc. The last product (32 g.) 
in dry pyridine ("OH ml.) was heated at 100' for I hr. with triphenylmethyl chloride (28 g.), then 
tooled and added to iced water (2-5 I.). After 2 hr.. the product was removed by filtration and 
dissolved ill chloroform. The solution was washed with aqueous sodium carbonate and then 
with water and dried (CaCL). Evaporation of the solution gave an amorphous powder, which 
.lid not crystallise. The a-D-liiplieuylimthyl ether (31 g.) had [a] 1( M -29-7° (e 0-4 in CHCIJ 
(loiiml: C. 711-4 ; II. li-3. C„ir„0, requires C. 79-7; H. 0-4%). 

Sulphation. 'Hie triphenylmethyl ether (5 g.) was sulphatcd with pyridine-sulphur trioxide 
(5 g.) for 24 hr. ai 05- -70' and the product isolated as described above, giving an amorphous 
sulphatcd derivative (3-5 barium salt). This product (Ig.) in 80% cthanol (7. r > ml.) was 


" Ore. 5vn//i.. I!I40. 20. 7S. 
" Kccs. Nature. ISliu, 185. SiW. 
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liydnigcnalcil :il 5 :ilm. for lir. nvcr 5';,', palladium-charcoal " (I g.) a total of four times. 
Tile final svrup was extracted willi water, anil the extracts wen: evaporated to a syrup (23S nig.) 
containing galactic ami its 4-(barium sulphate). Tlic galactose sulphate was separated by 
chromatography mi thick paper antl converted into the sodium salt with Zco-Karb 225 (Na* 
form). . The g.-iiartiiso 4-(sndium sulphate) (sample 2, 87 mg.) hail fa] 0 '" + r,l,T (c (I IS in H.O) 
(roimil: S, I Hi: Calc. lor C,[f u N'aO,S: S. 11-4%). This product was identical in K r and 
values with that obtained by the first method. 

J'criiHlate Oxitlulion. — Galactose 4-(sodium sulphate) (sample 2, T3 mg.) was oxidised in 
n-OlM-sodium mctapcrioilatc (3 ml.) in the dark at :i. r i" and the pcriodatc consumed measurerl 
hv the nicthoil of Aspinall and Fcrrier: ■* " 


Timo (hr.) 0-25 

l'crindntc consumed (inn!.)* O-fiS 


o-ss 


10". 
MiS 


1-73 


2-7S 

2-ni 


4-2S 
2-05 


.7-5 
2-12 


After 4 hr. a portion (1 ml.) of the mixture was withdrawn for estimation of formic acid 
liberated. " The amount found was 0-95 inol. Sample 1. similarly oxidised, gave the follow- 
ing results: 


Time (hr.) 

l'criodate consumed (inol.) 


u-r. 
II 


90 
1-98 


98 
4-33 


312 
0-43 


1-7 1-98 2-50 
\. G. I.lovd and Dr. D. A. Rees for the 
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408. Dissolution of Mehds and Alloy*. Part II. 1 The Dissolution of 
■ Iron, Cobalt, and Copjier, and of Some Nickel-Copper Alloys in . 
' Solutions of Sod iiuii. l'crsul]>Jiate. ■'■ 
By G. C. Bond and O. Wr.un. 

Iron, copper, and cobalt foils dissolve in solutions of sodium persulphate 
near mom temperature, their reactivity decreasing in the order listed. Rates 
free from transjiort-limilalion resulted on use of M-soIutions and rotation of 
the foils at 300 r.p.m., and the following activation energies were found: l'c, 
d-5; Co. 11*0; Cu, 11-2 kcal. mole- 1 . Kates of dissolution of the three metals 
have been measured over at least the concentration range 0-1 — Im, with 
rates of rotation of zero. 230, and 500 r.p.m. at three temperatures, and the 
results have been interpreted. 

Nickel is unreactivc. 

The activation energies for the transport-free dissolution of nickel-copper 
alloys fall with increasing nickel content to a limiting value of 7-2 kcal. mole -1 
which holds for nickel contents between 40 and 00%. The rates vary ■ 
irrationally from one alloy to another owing to development of different 
degrees of surface roughness. The rate-limiting step, for both alloys and 
metals, is probably the transfer of an electron therefrom to a persulphate ion. 

In Part I ' we dcsrril>ed preliminary experiments on the dissolution of copper in solutions 
containing persulphate ion: these were performed to assess whether this reaction could 
be used for studying the role of electronic factors in dissolutions. It was predicted that 
rates free from transport-limitation should be obtainable near room temperature, at high 
concentrations of persulphate ion (~ m). and with rapid stirring (000 r.p.m.). 
» I'art I, Bond, Hill, anil Temiisim, /., 1059. M. 
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